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Leakage at Upper Mun Dam 
Nibondh Saihom, Ruongrit Ammawat, Mondhian Kangsasitiam 
and Thanu Harnpattanpanich 
Royal Irrigation Department, Thailand 
Abstract: The Upper Mun Dam located In Nakom Ratchaslma, "!he Nortfleastem Province of Thailand, lntercep'ls a catchment area 
of 454 sq. kms. It Is a zone earth dam with 32.7 meters of maximum height and 880 meters In length. The founda1!on strata 
comprises alluvial deposits overlying sandstone and siltstone. The chute spillway Is designed for probable maximum flood of 950 
m3/sec. and the outlet conduit Is 1.84 by 1.84 meters caters for a maximum outflow of 11.2 m3/sec. No foundation treatment was 
carried out except cement grouting beneath the spillway and the outlet. The dam was completed on May 1989. The maximum 
storage for the first year Impoundment was 33.7 million m3 with water level at the eleva1!on 212.32 meters. The river bed 
elevation Is 205.00 meters. In October 1990, the water level rose to nearly full reservoir level at the elevation 220.42 meters with 
the storage volume of 131.8 million m3 due to heavy rain fall when concentrated seepage was noticed at two loca1!ons 
downstream of the toe. At one of the two locations, the leakage caused a cave-In of the down stream slope of the 
embankment which pluged and stopped the leakage. At the other location, concentrated leak reached Its peak of about 
5 m3/sec. and resulted In progressive erosion of embankment toe. Many countermeasures to save the dam from felling were deployed. 
Earth moving equlpmen'ls were used to push rlprap as well as embankment material continuously Into the leakage loca1!ons. The 
reservoir level was lowered through the outlet and slphonnlng over the spHiway crest. The opera1!on was continued for 3 weeks 
before the leakage was brought down to a few litre/sec. of clear water. During this Incident 57 villages Involving over 13.000 
reslden'ls had to be evacuated. After the reservoir was emptied In a few months later, an Intensive Investigation program was 
carried out to look Into the cause that lead to "!he leakage of the dam. 
1. INTRODUCTION 
The Upper Mun Dam or Mun Bon Dam located 
1.7 Km. south-west of Khonburl district In Naknon Ratchaslma. 
nortfleastem province of ThaOand (See location Map In Rg.1). The 
Project was the consequence of a proposal submitted by the Royal 
lrr1ga1!on Department for a scheme to develop the Upper Mun and 
Its eastern tributary the Lam Sae and entails the construction of two 
storage dams and canals system serving about 19,100 hectares of 
agriculture land. The feaslbDity study(!) was carried out and 
finished since 1970. lhe details design was completed In 1984 and 
the construction work was completed by a local contractor In 1989. 
During "!he first rainy season, the reservoir was Impounded to 
elevation 213 m. or 39 million m3• On October 4, 1990 the reservoir 
level rose from elevation 210.79 m. with storage volume of 21.8 
million m.3 to elevation 220.35 m. with storage volume 130.7 mUBon 
m3• on October 22, before leakage was observed. 
FoOowlng the Incident. a technical Investigation committee 
was formed to Investigate the cause of leakage. The authors were 
designated by RID to serve on this committee. Therefore, the 
views expressed In this paper definitely Influenced by the resuHs 
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Ag. 1 Location map 
represent the opinion or the policy of RID. 
2. SITE CONDffiONS AND EMBANKMENT 
The Upper Mun Dam as designed and constructed has the 
following features. 
The dam was founded on alluvium deposHs, overlying rocks 
of Khorat Group comprising sandstones, siltstones, and mudstones. 
These rocks are exposed on the hills on either side of the valley on 
the dam abutments. The alluvial deposits, as much as 19 meter 
thick, primarily consist of clay, silty sand and sandy slit soils of low 
plasticity. Flg.2 depicts the geologic section along the center nne 
of the dam. 
The embankment Is a modified homogeneous earthflll 
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excava11on works. The upstream slope Is covered with riprap over 
the opera11ng range of the reservoir where as the downstream 
slope Is covered with grass sodding. 
An Inclined chimney drain, 3 meters In horizontal width 
consisting of fine filter material, Is provided to assure positive 
control of the phrea11c line and prevents erosion of material from 
the Impervious zone of the dam. 
Since the dam Is founded on alluvial deposits and no 
cutoff trench was provided except at both abutments. The 
underseepage water through the foundation was controlled by a 
sandwich drainage blanket underlying the downstream shoulder 
together with a row of pressure relief wells along the downstream 
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Fig. 2 Geologic section along center line of the danF 1 
the general foundation level. The upstream slope Is 3H:1V for the 
upper 10 meters and flatten to 5H:1V over the lower section. Over 
the river section for a length of about 400 meter, the dam has 
been extended with an outer slope 15H:1V to form a parHal 
blanket and stabilized berm on the soft alluvium materials. The 
downstream slope Is 2.5H:lV which also flatten In the lower part to 
5H:1V for the length of about 250 meters over the river sectlon of 
the dam where the foundatlon Is soft. 
The zone upstream of the Inclined chimney drain consists 
of Impervious earthflll. The outer zone of the downstream shoulder 
consists of a random material obtained from spillway and outlet 
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coarse filter material In between flne filter layers of which the top 
layer Is 0.5 meter thick and the lower layer Is specified for a 
minimum thickness of 0.15 meter. 
Flg.3 shows two typical cross sectlons of the dam. The 
dam crest Is at Elv.+230.70 meter. The probable maximum water 
level Is set at Elv.+228.9 m. with a capacity of 350 million m. while 
the normal storage level Is at Elv.+221.0 meter with a capacity 
of 141 million m3. 
The dam consists of a service spillway situated at the right 
3 
abutment which could discharge water at the rate 95 m /sec. 
for probable maximum flood and an outlet conduit 1.84 m. by 1.84 
m. located at the left abutment with discharge capacity at the 
Probable maalmun flood 
Normal max. pool El.!!e.IO 
!1.221.00 
Excoaa topsoil dlspoaol 
Min. oporatln~ pool E1.208 .oo 
~-~--~~~~~~~~~~~~ 
Up8froam ata. 2+ 25 to ata. !+85 and eta. 8+ 10 to 8+ 80 
OC>Wnotroam Sta.2+25to ato.!+85 and oto.e+es to 8+80 
Mtn. operation pool Et. 208.00 
Exc- topsoil disposal 
I. 
Upstream ala.!+ 81Ho 8+ tO 
MATERIAL TYPE$ oo ... dotroam ala. !+65 to 8+65 
0 l!llperY!OUI flU 
@ Proouud tan<! fill 
@ Unaonaolldotad 
@ Riprafl llop• protection 
@ ~Uitot rookflll 
@ Oalft oreet roadway loaat oourat 
(!) Rondolll illl 
@ Upttrtota 1tr111 fill 
Rg. 3 Typical cross section of the dam 
3. HISTORY OF IMPOUNDING 
llrneDnes of reservoir elevations, since the commissioning 
of the dam until Immediately following the failure Incident, Is shown 
In Fig. 4. During 1989 wet season the reservoir has only reached 
elevation 213 m. As may be observed from October 4 to October 
23, 1990 the reservoir elevation rose rapidly from 210.79 m. to 
220.35 m. as a consequence of two consecutive depression storms. 
.... 
OATES CAPA1L '80-HOVEM8Efl '1101 
Rg. 4 Plot of Reservoir Elevation 
VS. time before incident 
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The sto'age volume, thus increased from 21.8 million m3. to 130.7 
million m3. 
4. HISTORY OF LEAKAGE 
October 22, a. leakage appeared at the toe of the 
downstream slope at STA 0+856. The hole was approximately 15 
em. In diameter. The leakage water was clouded wHh sediment. 
Rock and aggregate were dumped into the hole In order to stop 
the balling. However, the attempt was not succeeded. The 
leakage amount Increased and the hole enlarged throughout that 
night. 
In the momlng of consecutive day, another leakage 
larger than the first one was found on the downs1ream slope at 
STA 0+475. This latter leakage was In the dam body approximately 
5 m. above the toe level. An attempt was made without success 
to stop the leakage throughout the night therefore the outlet gate 
was opened to release the Impounding water. 
October 24, a cave-In was developed at the 
downstream slope at STA 0+475, approximately at elevation 226 m. 
The sinkhole was 3.5 by 6 meters and extended deep Into the 
dam body. The collapse of the embankment, however, stopped 
the leakage at the second location. Concen1ratlon was then given 
to the leakage at the first location. Materials were dumped Into 
the hole as water gushing out off lt. The voh.nne of leaking water 
waa 2 to 3 m3/&ee. The effort to prevent further damage to the 
dam waa going on ffvoughout the night. 
October 25. at day llglt. a vortex was seen at the 
upstream of the leakage point. Material from upstream part of the 
dam was pushed Into the reservoir In order to plug the hole at 
the vortex. The reservoir level rose to El v + 220.42 m. at 6 p.m. an 
Increase In storage,deaplte all the emergency discharge effort&. 
The leakage exceeded 5 m3/&ee. before decreasing to about 1 
3 
m /&ee. late In the evening, as much of the top part of the dam 
waa cut and pushed Into the leakage area. 
October 26, early In the morning, the quantity of the 
leakage Increased again and reached lfll peak of about 6 
m3/&ee. at around 11 a.m . At 8.30 a.m. a tension crack was 
observed at the down3fream slope from STA 0+800 to STA 
0 +850, just above the leakage point, approxlrnatly 3 m. 
below the crest. Before 9 a.m. :~mal cracka appeared on 
the crest. The cracks on the slope grew and developed to a 
complete circular failure. By 10 a.m. movement of the 
aiding earth waa ob3erved (Fig.5) . Shortly before 1 p.m. a 
loud cracking sound occurred for about 15 minutes as the 
embankment collapsed and caved-ln. With the con11nulng 
efforts In plugging the dam • In the late evening the 
leakage decreased to about 1 m 3/sec. 
October 27. leakage volume was reduced to less 
3 than 1 m /&ee . . owing to the successful counter measures taken 
against the erosive lealdng water. However • the leakage was 
constantly con11nued throughout the night. 
In spite of the reduction In leakage quantity, the 
dam waa conaldered unsafe, since the resevolr level was 
still high. With a large amount of Inflow from upstream, the 
reservoir level was hardly reduced despite the effort to 
3 dllchQrge 112 m /&ee through the outlet. To further reduce 
the storage, .pipe siphons over the spillway crest were 
Uled for ~eoalng the discharge capacity. 
October 28 to 31, since an amount of embankment 
was slowly eroded away with the leaking water, the rneaauree 
taken to counter the down3fream slope collapse were to fl In 
smal amount of rock, grovel and sol at the toe of slope In 
order to lncr9089 the . stabily of the downstream slope and. 
at the caved-In spot. The number of llphona was 
lncreoeed to 51 eetJ. 
On the October 31, the -reeervolr level was at 
219.98 m. and the amount of leakage was reduced to 
about 0.5 m3/&ee. 
Eventualy. after dumping a lot of material both 
downstream and upstream and lowering of reservoir level, 
the leakage water became clear on November 15, wtth 
the water at elevation 217.53 m. By November 30, the 
reservoir was drawn down to elevation 215 m. wtth the 
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Fig. 5 Circular crack at leakage STA. 0+856 
leakage reduced to less than O.Ql m3/sec. 
The dam was flnaUy breached wtth a cut 
completely through the dam In the general area of the 
rfver channel. 
5. POST FAILURE INVESTIGATION 
Folllowlng the failure. two main hypothesis regordlng 
the causes of leakage were developed. 
1) Leakage was Initiated through dam embankment. 
2) Leakage was Initiated through the foundation or 
contact between the foundation and embankment. 
RID had set up a comprehensive Investigation 
program In order to help determine 
the actual cause of leakage. 
Investigation and laboratory testing 
the charactel1stla and 
Various geotechnical 
on material samples 
from the dam and foundation were conducted. The 
design and construction procedure of the dam, together 
with al data pertaining to the design such as geological 
Investigation, material Investigation and laboratory testlngs, 
had been reviewed. 
At leakage area, the embankment were carefuly 
stllpped out In a sequence of horizontal laye11. 
lnapectlon and test plfll were made to locate any 
poad:lllty that leakage could have been started from a 
concentrated leak through defect In the embankment and 
to colect samples for determination of the embankment 
material properties. 
6. EVALUATION OF PIEZOMETRIC DATA 
A number of open«lded standpipe piezometers 
had been lnstaled In the embankment and foundation at 
various location and depth to measure pore preeeure 
(Flg.6) . Reading had been made daly since Apfl 1989. 
In accordance with the tlrnelnea of the responeee 
of piezometer~ located In the embankment at STA 0+225 
and STA 0+700, Elv + 210m lpdlcated no var1aflona In 
pressures since Initial Impoundment. Whle the latter 
Fig. 6 Plan of Mun Bon Dam __ 
Indicated an almost constant response value of about 
210.6 m, Implying that It was dry, the former Indicated 
an almost constant response value of about 219 m. It 
might be Inferred that seepage through the dam 
embankment was absent. 
llmellnes of response of piezometers located In 
the horizontal flne fltter at Elv + 206m, STA 0+500, 
STA 0+600 and STA 0+800 Indicated no variation In 
seepage pressure since Initial Impoundment. 
llmeDnes of piezometers located In the foundaflon 
at Elv + 190m, Elv + 196m, Elv + 198m, Elv + 200m, and 
Elv + 201 m, of various chalnage appeared normal during 
reservoir Impoundment In 1989 and 1990. In October 
1990, during rapid fllllng of the reservoir, no distress of 
piezometer response values that may Indicate piping, was 
observed. 
Time lag or response lag depended on the soli 
permeability. A lag In pressure Increase was observed In 
all piezometers. All piezometers were Indicating Increasing 
responses while the reservoir elevation had ceased to 
Increase. 
plezomters 
Elv +200 m, 
A greater response lag was observed for 
at STA 0+600, Elv + 201m, and STA 0+750, 
which Implied that at these locations the 
foundation was less permeable. Almost Identical response 
lags were observed at STA 0+559, Elv + 190, STA 0+600 
and STA 0+650. Elv + 196m, and STA 0+400, Elv + 198, 
Implying that at these locations the foundation had more 
or less an lndentlcal permeability. A lower response lag 
was observed for piezometer at STA 0+5000, Elv + 200m 
Indicating that the foundation at this location was more 
permeable. 
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7. EVALUATION OF RELIEF WELL DATA 
Relief wells were provided along the toe of the 
dam, at Intervals of 20 m. to various depth, from 
chalnage STA 0+320 to STA 0+820 (Rg.7), as an under 
seepage control measure to alleviate the uplift and 
seepage forces In the foundation. 
A monthly assessment of the performance of the 
relief wen system (April 1989 to October 1990), achieved 
by plotting representative relief well data across a 
longitudinal section of the dam. Indicated that they were 
functioning. During rapid filling of the reservoir In October 
1990, a substantial Increase In relief well level was 
observed at STA 0+480 (beside location of leakage). ( see 
Rg.7), Indicating high seepage through the foundation In 
the vicinity of this location. The aforesaid observation 
confirmed results of the geological lnvesffgatlon, which 
Indicated the presence of permeable members that were 
hydraulically connected across the dam foundation at the 
leakage locations. Due to the absence of relief wells 
beyond STA 0+856, It was not possible to determine If 
similar large underseepage existed In the foundation at 
this location. However, relief wells In the vicinity at STA 
0+800 and STA 0+820 also Indicated large underseepage. 
8. BORE HOLES AND GEOPHYSICAL INVESTIGATIONS 
The soil Investigation consisted of a number of 
bore holes located systematically In a secffon on the 
crest as well as on the upstream slope. Four bore 
holes were located In each of the cross sections where 
leakages had occurred. In addition, a number of bore 
holes were made In or near the crest In the 
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Fig. 7 Relief well record data 
The depth of all these bore holes reached at 
least 2.5 meters Into the bedrock material. In the bore 
holes, standard Penetration Tests were performed at every 
meter depth. Further classification tests were carried out on 
the SPT samples and the permeablll1y of embankment 
material, alluvial deposHs and bedrock were determined In 
the bore holes. 
Based on the data of this soli Investigation 
program In a number of relevant cross sections, 
geotechnical profiles were drawn up. They confirmed ihe 
original description of the foundation materials and did not 
reveal addHlonal Information on the embankment material. 
However many bore holes near the leakage location, for 
example at STA 0+848 (see Ag.8), Indicated that the 
embankment was raised on thick permeable sand deposits 
wHh thin Impervious clay of 1 to 2 meter In between. 
This ihln clay layer might prevent the underseepage water 
to enter the horizontal blanket drain thus produced 
excessive uplift pressure against the downstream base of 
the dam. 
In January and March 1991, geo-electrlcal surveys 
were carried out along the dam crest and In a few 
sections longitudinal to both sections of the leakage 
Incidents. 
The Interpretation of the resuHs of this geophysical 
survey led to an Indication of ihe presence of holes In 
an area between about STA 0+785 and STA 0+830 and 
between about STA 0+855 and STA 0+880. The position 
of potenffal holes or cclvHies were suspected to be below 
Elv +208 m. 
Also, the resuHs Indicated anomalies In the 
foundation material, around STA 0+830 below ELv+198 m. 
Further anomalies have been detected between STA 












Rg. 8 Geologic Secffon at STA. 0+848 
9. EXCAVATION OF EMBANKMENT AT LEAKAGE 
LOCATION 
Just after the declaration of safe condHlon of the 
dam on November 30, 1990. The reservoir was at EJv + 
215 m. The dam was then breached to release the 
remaining Impounded water. The cut was made at STA 
0+450 near the existing river channel down to the original 
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El +205 
some Investigation Into the condlflon of the embankment 
was performed, since the cut must be completed In time 
for the coming 1991 rainy season. Therefore no significant 
evlden1s related to the leakage was found. 
In dry season of 1992, after the completion of 
all boreholes Investigation, a comprehensive Investigation of 
the dam at STA 0+856 was conducted In order to 
search for any remaining causes of the leakage. The 
embankment was carefully excavated In a sequence of 
horizontal layers of 3 meter thick, starting from the 
remaining surface at approximate Bv +220 m. down 'to 
the foundation at Elv +205 m. or lower It possible. 
Inspection trenches and test pH! were made to 
determine material properties and locate any leakage 
features and their relation. For each of the excavation 
surface the following Items were performed, I.e. 
observe and mapping of any unusual or 
sign of leakage, 
- pitting 
permeability tes1s, 
for field density and 
- collect soli sample for various testing. 
field 
The result of this excavation was presented In 
maps as shown ln Flg.9. In 1he figure, maps for each of 
exposed surfaces of ELV +217, +214, +211, +208 and +205 
m. were shown. They Indicated the area where wet and 
soft soli layer, water pending, and collapse of the 
embankment were noticed. 
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From these maps, even though the wet layer and 
water pondlng were found at almost every depth, they 
were concentrated In the upstream and downstream part 
of the dam. Core had been made to find the 
connection of these wet layers from upstream to 
downstream. Trenches were always excavated just 
downstream of any wet layers. However, these wet layers 
would somehow, terminate within a short distance 
downstream. The embankment downstream of the wet 
layers gradually changed Into Intact materials as the 
excavation was progressed laterally downstream. Overlay 
map of each elevation, the wet layers and water 
pondlng zones seem to be connected in vertical direction. 
The only connection from upstream to downstream was at 
elevation near the foundation, I.e. closed to Elv +205 m. 
10. FIELD AND LABORATORY TESTING RESULTS 
Permeability of the dam embankment alluvial 
foundation and the underlying bedrock, were tested at 
various boring across the dam. 
Field permeability tests of the dam embankment 
material and the coefflclen1s of per meablllty from falling-
head permeability tests performed on Zone 1 and Zone 7 
specimens, extracted from undisturbed block samples, were 
In the range of 1 x 10"7 em/sec to x 10-5 em/sec, 
thus suggesting that the embankment was virtually 
Impervious. 
Permeability values of the alluvial deposits 
confirmed the range of values as utilized In the design 
memoranda, that Is 1 X 10-4 em/sec to X 10-3 em/sec 
for sand of channel deposits. and 1 X 10"7 em/sec to 
1 X 10-4 em/sec for clays of flood basin deposits. 
The permeability of the horizontal blanket 
drain, determined from bore hole at STA 0+838, provided 
a value of 2.6 X 10"2 em/sec. 
Permeability tests from a number of borings were 
Inferred that bedrock at the dam site beneath the 
alluvial deposits was semi-Impervious, with permeability 
ranging from 1 x 10-5 em/sec to 1 x 10-4 em/sec, however, 
notwithstanding Intense local jointing. 
The Zone 1 material, constituting the Impervious fill 
comprised more than half 
embankment. The majority 
of the volume of the dam 
of soli for Zone 1 was 
classified as CL (Unified Soli Classification System) or 
Inorganic silty-clay of low to medium plasticity, as 
Indicated by the cluster of points above the Casagrande 
A-line In the plot of liquid limit against plasticity Index 
(See Flg.1 O). The results of grain size distribution analyses 
Informed that the mean median grain size (Dso) was 
0.01 mm. and the mean percent clay size content Oess 
than o.oos mm.) was 44.3%. Flg.11 shows the grain size 
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Fig. 10 Plasticity chart of Embankment soli 
content, nevertheless, within specification limits. 
The results of pinhole tests classified Zone 
material as Dl. Values of percent dispersion, obtained 
from the SCS laboratory dispersion tests were 93% to 
64%. Values of turbidity ratio as obtained from the 
turbidity ratio test were 2 and 1. The Emerson crumb 
tests classified the material as Grade 4. The results of 
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Fig. 11 Grain Size Distribution Range. of 
Embankment and Foundation Materials 
distribution range of as-placed Zone material. The 
material possessed lntermeolate resistance to piping and 
high suspectlbllity to cracking. 
Ag.l2, comparison of laboratory Proctor density 
and optimum moisture determination with field density and 
moisture determination, shows that most materials are 
compacted on me wet side of the optimum moisture 
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percent sodium In saturation extract against total dissolved 
salts In mllll-equlvaients per litre (meq/1) Indicated that 
the material belonged to Zone 1. All such tests 
Indicated that material belongs to dispersive soli highly 
susceptible to breaching and tunnel erosion. 
The Zone 7 (random fill) material placed along 
the downstream slope of the dam embankment, were 
classified as silty-day of low to medium plastlcHy (CL). 
Dispersion resuHs wHh field observaffons Indicated that the 
material was also dispersive and suscepffble to erosion. 
The shrinkage cracking and subsequent erosion by rainfall 
had led to a network of holes and crevices on the 
enffre downstream slope. However, these were confined 
to the upper 2-3 meter zone. 
The Zone 1 and Zone 7 materials were ldenffcal 
In their dispersive behaviour. 
Zone 2 was Intended to. form a chimney drain 
to safeguard against piping and obliterate seepage 
through the dam embankment. The Influence of the 
graded horizontal blanket, comprising Zone 2 and Zone 3, 
was beside ensuring a posHive control of the phreaffc 
surface In the dam embankment In the event of high 
reservoir elevaffon, to prevent piping and excessive uplift 
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Ag. 12 Plot of Relative Compaction of Zone 1 Material 
The resuHs of gradation test on samples of the 
as-placed sand fllteraone 2), obtained at STA 0+480, are 
Indicated In Ag.13. 
It Is evident that wherein grain size distribution of the 
as-placed sand filter Is a uniform fine sand, that 
gradaffon Is sllghffy off the speclflcaffon llmHs. 
The design Intension was to use the Zone 2 
material to provide head relief and protection against 
erosion to the foundaffon materials. However, compatlbiiHy 
of the Zone 2 material and foundaffon material wHh 
respect to filter criteria was not evaluated during design, 
as was evident from the design memoranda . The design 
memoranda mentioned that, while the D15 and 085 of 
the foundation material beneath the right abutment 
ranged from 0.0012 mm to 0.0018 mm, and 0.05 mm 
1469 
to 0.10 mm. respectively, that of the foundatlon material 
beneath the center and left abutment , ranged from 
0.70 mm to 0.15 mm, and 0.28 mm to 0.55 mm 
respectively. Applying the criteria used In the design of 
filter and the specified range of sizes for Zone 2 
material, It was determined that while the piping criterion 
(D15F 10856 =5.6) remained unsatisfied for the foundation 
material beneath the right abutment the permeability 
criterion D lSF /D 158 =0.67) remained unsatisfied for 






the center and left 
gradation tests on 
the right abutment 
(See Ag.1l) were compared with the gradation of 
as-placed material. The piping and permeability criteria for 
filter design were satlsfled. Upon performing similar 
comparisons for left abutment, It was discovered that the 
filter criteria were satlsfled for both founda11on material. 
11. FEM ANALYSES 
A Anite Element Method seepage analysis(3) was 
lndependenffy conducted to simulate seepage condition 
through the foundation for leakage at STA 0+485 . The 
analyses assumed that the embankment and bedrock 
were Impervious as compared 
objective of the study was 
to the foundaffon. The 
to assess the hydraulic 
Interaction between foundation and horizontal drainage 
blanket at the 11me of leakage. The coefficient of 
horizontal permeability for the founda11on was assumed to 
be 1x10-3 em/sec based on the resuHs from post-failure 
tests , and one-sixltl of that was used for ver11cal 
permeability. 
The permeability of the horizontal blanket drain was 
established Iteratively by matching the calculated head with the 
observed head during the days of the incident. With these 
assumptions, the analyses showed good agreement within 1 meter 
difference between calculated and observed heads for most of 
the piezometer, when the coefficient of permeability of the 
horizontal blanket drain was 30 times more permeable than that 
of foundation soli. In other analysis, using the design value for 
coefficient of permeability for the horizontal blanket drain of 
2 em /sec. which was 2,000 11mes more permeable than the 
founda11on, yielded only slightly lower head. While In the analysis 
where the blanket drain was assumed permeabiiHy value of 10 
times less than the foundaffon, simulated the clogging of drain, 
showed a much larger predlc11on of head In the foundation (See 









---AS PLACED I I I eo I I I I 
I I 70 
I I 
I I I so 
I J 
I I 50 I I 
FINE FILTER I. II COARSE Ft LTER 




20 1-' z 
w 
c.i 
IO a: w 
"-
;; 
PARTICLe: SIZE - mm 
Fig. 13 Gradation Curve for Filter Material 
12. POTENTIAL FOR ABANDONED RIVER CHANNEL AT 
STA 0+856 
The nature of deposits and sedimentary structure found 
In the foundation at Mun Bon Dam is truly representative of 
'meandering river" sedimentary environment. The deposits found In 
such an environment are traditionally divided Into two broad 
categories. namely channel deposits and alluvial deposits. While 
channel deposits display an upward fining sequence. with sand 
deposits. The alluvial deposits. comprising flood basin and back 
swamp deposits. are fine-grained sands, silts,and clays. Offen. 
switching or avulsion of the river channel results in the formation 
of an abandoned river channel. where the deposits are similar to 
flood basin deposits. However. abandoned channel deposits are 
distinguished from flood basin deposits by their channel shaped 
geometry and by the fact that abruptly pass down Into channel 
floor lag coame materials. The aforementioned features are 
concurrent with those observed at Mun Bon Dam, as indicated 
by the result of post-failure geophysical survey. 
The results of the geo-electric investigation are further 
corroborated by results of the standard penetration tests. Profiles 
of standard penetration number at boring near the 'meandering 
river" channel, indicate the presence of loose sediments (N less 
than 10) to a depth between 5m and 10m. While the presence 
of loose sediments to a depth of 5m Is indicated In the boring 
near the abandoned river channel around STA 0+856, other 
boring In the vicinity Indicate the presence of medium dense 
sediments (N greater than 20). 
13. MOST PROBABLE MECHANISM IN THE DEVELOPMENT 
OF LEAKAGE 
Based upon details available. the following stages In 
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As the reservoir level rose. between October 4, 1990 
and October 22, 1990. a large quantity of water would have 
gained access to loose and permeable channel deposits, left 
unexcavated. along the 'meandering' and 'abandoned' river 
channels. This would created high pressure against the down 
stream toe of the dam. which would have led to the 
appearance of leakages at STA 0+856 and STA 0+475. 
Loose foundaHon and embankment material were 
aubsequenfly removed by the flow, which resulted In the 
formaHon of the cavity beneath the embankment. It would be 
reasonable to assume that first the Inclined chimney drain would 
have collapsed along the wall of the Impermeable zone. Since 
the material of the horizontal drain was already washed away 
leaving material In the upper part unsupported. At STA 0+475 
the caved-In of part of the downstream slope was somehow 
Instrumental In the plugging of the existing leakage hole. 
Meanwhile, the erosion of foundation and embankment materials 
enlarged the cavity, causing a further collapse of the leakage 
cavity waD. To a certain extent, the undermined upstream 
embankment collapsed such that cracks were developed and 
provided shorter seepage paths. Enhanced by the dispersive 
nature of the embankment material, the cracks were quickly 
developed to sinkholes and resulted In a vortex flow In the vicinity 
of STA 0+856, observed on October 25, 1990, three days after the 
first observaHon of leakage. 
Continuous dumping of materials Into the holes and the 
collapse, and the formation of erosion tunnels might have 
contributed to the fluctuation of leakage quantity at STA 0+856. 
The continuous leakage led to the erosion of the downstream 
filter zone, thus generating a slope faiiiJre. 
14. CONCLUSION 
Evidences from post-failure detaHed lnvestlgaHon affirmed 
that the leakage could not have been caused by water seeping 
Into the embankment body from the reservoir through the voids 
or cracks In the embankment. Thus It should be generally agree 
that the leakage must Inmate from the high permeable 
foundaHon. 
From the standpoint of fair conclusion, It Is necessary also 
to examine the question: 'If fhe horizontal drainage blanket 
materials met fhe design criteria or specification, would leakage 
still occur 1•. It Is Impossible to form a unique opinion on this 
question. If the horizontal drainage blanket materials were 
capable of preventing the erosion of the foundation or 
embankment as It was Intended, It Is still not easy to conclude 
that 1he dam would never have faDed. The materials for horizontal 
drainage blanket were constructed of a rather uniformed materials 
throughout the length of the dam. The reservoir pressure subjected 
to every section of the horizontal blanket drain was almost the 
same Hence, the posslbllllty for leakage to taking place should be 
randomly the same everywhere. However, leakage only occurred 
at two specific locations, I.e. where the foundation composed of 
river channel deposit. 
A more fortunate aspect of this Incident was 1hat the 
leakage started at fhe time when construction crew and 
equlpmen18 were sfiD staHon at a dam not very far away. 
1471 
Mobilization of man power and machinery to fight against the 
failure of the dam was possible then. If the dam had leaked 
wHhout the atoremenfloned assistant. fhe consequences would 
have been very much more serious. 
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